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Abstract 

The efficacy of furfural C5H4O2 (2-furaldehyde) extracted from 
corn cobs on germination and mycelial growth of the sclerotia of 
Sclerotinia sclerotiorum (Lib) DeBary isolated from infected eggplant 
plants, when mixed with PDA media before sterilization was studied. 
The results showed that germination of the sclerotia was delayed and 
suppressed, formed mycelium from it was inhibited by furfural 
concentrations 500-5000 ppm. Also it's reduced the number of 
sclerotia per plate and delay it, the concentration 3000 ppm caused 
delay of the sclerotia production and their maturation. The dry weight 
of sclerotia per plate was significantly reduced in high concentrations 
of furfural (2000 and 3000 ppm). 

Introduction 

Furfural (2-furaldehyde, furfurol) C5H4O2 is colorless oily liquid. 
It's boiling point at 161.7 C° and decomposes at 565C 0 (Hitchcock and 
Duffey, 1948). The first preparation of furfural was in 1821 by 
Dobereiner and the first commercial production was by the Quaker 
Oats Co. in 1922. they are produced it from the lignocellulosic plant 
material such as oat husks, corn cobs and bagasse as raw materials by 
treatment mineral acids (sulfuric acid) (Mcketta and Cunningham, 
1986). The furfural was found in many essential oils from plants 



61 



AL-fath,Jouranl,No,25, 2006 



(Beute and Rodriguez-kabana, 1979) also it's formed during the food 
produced by the Maillard reaction, food bread, cooked meat (Nakama 
et al, 1993), sterilized apple juice (Solomon et al, 1995) and coffee. 
The furfural and its 5-substituted derivatives are strong flavor 
component of foods (Kumazawa et al, 1998). 

The early studies of fungicidal effect of furfural was studied by 
Raeder et al. (1925) and Flor (1926) on Rhizoctonia solani on potato. 
The furfural was reported to be effective in controlling smut (Tilletia 
tritici) (Borizini, 1949). In that time it's not attention as a fungicide 
probably because of the development of more effective compounds. 
Re-reported by Canullo et al. (1992) when the furfural was added to 
the field soil, a change in soil microflora was associated with control 
of Sclerotium rolfsii. In Iraq demonstrated that application of the 
furfural to the seeds significantly reduced infection by the wheat flag 
smut caused by Urocystis agropyri (Al-Hamdany and Noaimi, 1999) 
and approved it's inhibitory effect on Rhizctonia solani, Fusarium 
avenaceum, F. moniliforme, Macrophomina phaseolina, Pythium 
debaryanum (Al-Hamdany and Noaimi, 2000), P. aphanidermatum, 
Sclerotinia sclerotium and F. solani, also the furfural caused 
significantly increased in dry biomass and spore production of 
Trichoderma viride at concentration 500 ppm compared with control 
(Al-Anbaeki, 2001). In other research the furfural concentrations 
(500-1500 ppm) was not effective on the growth of T. harizianum (Al- 
Hamdany and Noaimi, 2000). 

The purpose of this study was to determine the effect of the 
furfural concentration on the Sclerotia germination and production of 
Sclerotinia sclerotium. 

Material and Methods 

The furfural was formulated at temperature 104C° for 5 hours in 
laboratory reaction system. 500 gram NaCl and 1600ml of sulphuric 
acid (H2SO4) (10%) were added to 400g of corn cobs meals (Al-Saadi, 
2000). After the furfural production, 90ml of distilled water mixed 
with lOg of furfural yield to prepare stock solution concentration 
10000 ppm for uses in next experiments. 
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The inoculum used for this experiment was sclerotia of 
Sclerotinia sclerotiorum (Lib) DeBary isolated from eggplant plants 
the sclerotia were cultured on potato-dextrose agar (PDA) and 
incubated at 22 ± 2C° until the colonies were approximately 9cm in 
diameter and produced sclerotia. 

The furfural was added to PDA (before Autoclaving) at 
concentrations 500, 1000, 2000, 3000 and 5000 ppm. after mixing, 
20ml of agar was added to each treatment. The control treatment 
treated with equal amounts of sterilized distilled water only. The 
similar-sized mature sclerotia of S. sclerotiorum (age 14 day) were 
placed individually in the center of each treatment with trireplications, 
arranged in a completely randomized design and incubated at 22±2C° 
in the dark. 

The radial growth of the fungus was measured after 5, 10, 15 and 
20 days. The percentage of inhibition was calculated as following as: 

1= x 100 percent 

Where, 1= percentage of inhibition; C= growth rate of control, 
mm per hour; T= growth rate in furfural, mm per hour (Leonard and 
Blackford, 1948). 

The numbers of produced sclerotia per plate was calculated after 
5, 10, 15 and 20 day. In addition sclerotium picked from treatments 
and its dry weights was obtained after drying to constant weight at 
70C° for 24h (Singh et al, 1980). 

Results 

The results indicated that the furfural was effective in inhibiting 
both the germination and formed mycelium growth of sclerotia of S. 
sclerotiorum to 61.4% in the concentration 500ppm and completely 
(100%) in 1000, 2000, 3000 and 5000 ppm depending on control after 
5 days incubation (Fig. 1). 
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Fig. 1 Effect of furfural concentrations on germination and 
mycelium forming from sclerotia of Sclerotina sclerotiorum after 5 

days 

- L. S. D. 0.01 value= 5.58 
During 20 days incubation observed exchange of behaviour 
growth of produced colonies from sclerotia germination when the 
furfural was added. Inspite of mycelial growth of control treatment 
was reached to 9cm after 5 days, the furfural concentrations 500 and 
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Fig. 2. Effect of furfural concentrations on formed mycelium 
growth from sclerotia of Sclerotina sclerotiorum 
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1000 ppm caused delay in mycelial growth of fungus for 10 days, 
while the concentrations 2000 and 3000 ppm caused delay for 15 and 
20 days respectively. The highest inhibition (100%) occurred in 5000 
ppm even after 20 days incubation (Fig. 2) 

Results of the furfural effect on sclerotia production by S. 
sclerotiorum showed that it's concentrations 500, 1000, 2000 and 
3000 ppm significantly reduced number of sclerotia in one plate to 
9.3, 9, 8, and 8.33 respectively, while the concentrations 5000 ppm 
completely inhibited both the sclerotia germination and it's 
production. Also the different concentrations of furfural caused delay 
in the sclerotia formation. The delay of sclerotia formation and its 
maturation was depended on furfural concentration with positive 
correllation (table. 1). 

In the concentration 3000 ppm, the sclerotia formation was 
started after 16 days incubation and sclerotia remained white to silver 
after 20 days and arrived to complete stage (black sclerotia) after 30 
days incubation. 

Table. 1. Effect of furfural concentrations on the number of 



sclerotia production from Sclerotina sclerotiorum 



Incubation 


period (days) 


Furfural 
concentrations 
(ppm) 


20 


15 


10 


5 


[ 13.66 


13.66 


13.66* 


0 


0 


9.3 


9.3 


0 


0 


500 


9 


9 


0 


0 


1000 


8 


8 


0 


0 


2000 


8.33 


0 


0 


0 


3000 


0 


0 


0 


0 


5000 


2.68 


1.46 


0.51 


N. S 


L. S. D. 
0.01 



- each number is mean of trireplicate 
* number of sclerotia per plate. 

Result of the furfural effect on dry weight of sclerotia produced by 
S. sclerotiorum per plate was showed that it's non-significantly 
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effected by concentrations 500 and 1000 ppm, but significantly 
reduced by the concentrations 2000, 3000 and 5000 ppm furfural to 
235, 206and Omg respectively compared with control (370mg) (Fig. 3). 
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Fig. 3. Effect of furfural concentrations on dry weight of sclerotia 

of Sclerotinia sclerotiorum 
*L. S. D. 0.01 value = 111.5 
Discussion 

The results of the furfural concentrations effect (500, 1000, and 
1500 ppm) on germination and growth of Sclerotinia sclerotiorum 
after 5 days (Table. 1) were confirmed previous results which reported 
the efficacy it on the control of sougthern blight by Sclerotium rolfsii 
in lentil, mycelial growth of the fungus was reduced with 0.1-0.5ml 
furfural/1" 1 agar medium, and viability of sclerotia diminished by the 
exposure to 0.2 - 0.3ml furfural vapours after 48h. (Canullo et at, 
1992). More recently, Al-Hamadany and Noaimi (1999) were 
approved the fungicidal effect of furfural in laboratory and field 
(2000). 

In this work the sclerotia germination completely inhibited 
(100%) in the concentration 5000 ppm, while, 1000 ppm inhibited 
completely the mycelium growth of S. sclerotiorum even after 14 day 
incubation (Al-Anbaeki, 2001). Sclerotia are always more tolerant 
than mycelium to the action of chemicals (Singh et ah, 1980 and 
Baker et ah, 1982). The furfural delay the sclerotia germination on 
Rhizoctonia solani and spores germination of F. solani after 3 days 
(Al-Anbaeki, 2001) and these delay effect of the growth mycelium in 
some phytopathogenic fungi was recorded (Al-Hamdany and Noaimi, 
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2000). The inhibition effect of furfural may be due to inhibit of RNA 
and protein synthesis as in Candida tropicales (Gusarova, 1970) or 
inhibited some secondary processes which effect on glycolytic 
enzymes such as in Saccharomyce cervisiac (Banerjee, 1981). 

Inhibited and delay effect of the furfural on both the sclerotia 
germination and mycelial growth may be resulted from its property 
solubility in water when added in solid media, also the vapour 
pressure of the furfural (2mm Hg at 20C°) could be another factor 
effecting in inhibition. (Hitchcock and Duffey, 1948). 

Although, the furfural significantly reduced the number of 
sclerotia compared with control, but, observed the dry weight of 
sclerotia at 500 and 1000 ppm in significantly effect compared with 
control (increase in the dry weight compared with numbers of 
sclerotia in one plate) this may explain the reaction behaviour of fungi 
towards the furfural toxicitey. However the 2000 and 3000 ppm 
caused reduce appearance in the sclerotia weight. 

Results indicate that concentrations 500, 1000 and 2000 ppm 
caused delay in the sclerotia production as the directly resulted delay 
in the growth. Mean while 3000 ppm caused delay in both the 
sclerotia production and maturation, the furfural effect is not known 
on the cyclic Amp and it's caused inhibition of sclerotia formation and 
their maturation. 
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